Purpose: Seborrheic dermatitis (SD) is a chronic inflammatory skin disorder that mainly affects areas rich in sebaceous glands, such as the scalp. Although the exact cause of SD is not clearly understood, it seems that skin colonization with Malassezia fungus and the inflammatory responses of the immune system to this fungus play an important role in the pathology of SD. Recently a growing body of evidence has shown anti-inflammatory and anti-fungal effects of statins. Thus, this study aimed to evaluate the efficacy of topical atorvastatin in the treatment of scalp SD. Patients and methods: In this double-blind, clinical trial, 86 patients with mild-tomoderate scalp SD were divided into either atorvastatin (n=45) or betamethasone groups (n=41) by block randomization method. In addition to the ketoconazole 2% shampoo (3 times per week), the atorvastatin group received atorvastatin 5% lotion and the betamethasone group received betamethasone 0.1% lotion daily for 4 weeks. The SD severity of each patient was determined by Symptom Scale of Seborrheic Dermatitis (SSSD) at baseline and 4 weeks after treatment. Also, the patient's satisfaction of the treatment and adverse effects were investigated through individual reporting. Results: After 4 weeks of treatment, the score of SD severity decreased significantly in both groups, while changes of SSSD score from baseline to the fourth week of treatment were comparable in the two groups (P-value=0.476). Regarding patient's satisfaction of the treatment, results demonstrated the non-inferiority of atorvastatin as compared to betamethasone. Topical atorvastatin was also well-tolerated in almost all patients. Conclusion: Although preliminary, the results of the present study showed that topical atorvastatin has a comparable effect to topical betamethasone and can be considered as an alternative therapeutic modality in the treatment of scalp SD. However, these results need to be confirmed in future studies while taking into consideration the improvement of topical statin formulations.
Introduction
Seborrheic dermatitis (SD) is a common inflammatory skin condition that can affect body sites with increased numbers of sebaceous glands such as the scalp, face, chest, upper trunk, external ear, axillae, and inguinal folds. The prevalence of SD is about 3%, and young men are affected more frequently than women. In addition to physical discomfort, SD has a negative impact on the psycho-social function of affected patients. [1] [2] [3] The etiology of SD is not completely known, but it seems that skin colonization with harmless yeast called Malassezia is implicated in the etiology of SD. M. restricta and M. globosa appear to be the most commonly isolated species of Malassezia in SD patients. 4 However, the degree of colonization with this fungus in individuals with SD is not different from the normal population. 5, 6 Several lines of evidence demonstrate that, besides the pathogenic role for Mallassezia in SD, the host's immune responses to Malassezia or its byproducts appear to have a causal link to the development and maintenance of SD. Malassezia by its lipase activity can hydrolyze human sebum triglycerides and release some metabolites that can disrupt epidermal barrier function and activate inflammatory responses. 7, 8 Further findings in favor of the role of inflammation in the pathogenesis of SD are the elevated levels of some inflammatory cytokines such as interleukins (in particular IL-1b, IL-6, IL-8), and tumor necrosis factor alpha (TNF-α) in the skin of patients suffering from SD. 9 Furthermore, most of the effective therapeutic medications commonly used for SD, including azole antifungal agents, topical preparations of lithium, and topical corticosteroids have anti-inflammatory effects. 10, 11 SD is usually characterized by well-delimited plaques with scaling, itching, and erythematous looking, with severity of disease varying from mild to very severe. 12 Dandruff is the mildest and most common form of SD that is restricted to the scalp with fine white or greasy scales without significant erythema or irritation. 13 Depending on the severity of the disease, topical agents are commonly used for mild-to-moderate cases, while systemic antifungal agents may be a therapeutic option for severe cases. 14, 15 Statins are competitive inhibitors of 3-hydroxy-3-methyl glutaryl-coenzyme A reductase (HMG-CoA reductase), which are commonly used for the prevention and treatment of atherosclerosis and cardiovascular diseases. 16 Recently, accumulating evidence has demonstrated anti-inflammatory and immonomudolatory effects of statins, and preliminary studies have showed statins may be effective in the treatment of inflammatory skin diseases, such as acne, vitiligo, psoriasis, and dermatitis. 17, 18 Additionally, since many fungal species depend on a functional HMGCoA reductase for cell wall synthesis, growing in vitro evidence has also demonstrated that statins can have antifungal activity. By inhibiting HMG-CoA reductase Class I and inhibition of cholesterol synthesis, statins can cause a reduction in the production of ergosterol that appears to have a critical role in the survival of the fungi. 19 Atorvastatin is one of the most effective agents among currently available statins in cholesterol reduction, which has exhibited potent anti-inflammatory effects in clinical studies. 20 On the other hand, atorvastatin is administered as the active hydroxy form. So, it does not need activation by intracellular esterases. 18 Thus, considering the role of Malassezia fungus and inflammation in the pathogenesis of SD and at the same time the anti-inflammatory and antifungal effects of statins, this study was conducted to investigate the effectiveness of topical Atorvastatin 5% vs topical betamethasone 0.1% in the treatment of scalp SD. One hundred and two patients with mild-tomoderate scalp SD were randomly assigned to atorvastatin or betamethasone groups using the block randomization method. Neither patients nor physician and data collector were aware of group assignment. In addition to Ketoconazole 2% shampoo (3 times a week), patients were asked to apply 10 ml (or one half of a capful) of the topical medication (atorvastatin 5% (W/V) lotion or betamethasone 0.1% lotion according to the patients' assigned groups) on his/her dry scalp once daily for a period of 4 weeks. Patients were instructed to spread it thoroughly onto their scalp and, after 24 hours, the hair and scalp needed to be washed completely.
Materials and methods
Betamethasone lotion was manufactured by Najo Pharmaceutical Company (Tehran, Iran), and atorvastatin 5% topical lotion (W/V) was prepared by solubilizing atorvastatin powder in ethanol and glycerol, and then homogenized with about 50,000 rounds. Selection of the 5% concentration of atorvastatin was based on a previous study that topical atorvastatin 5% was used in the treatment of diabetic wounds. 21 To evaluate the stability of topical lotion, it was kept in a germination with 60% of humidity and a temperature of 60°C for 6 months. Results showed a stability of 96.4% at the end of the first month, and 91.8% at the end of the second month.
Sampling
Patients were included in this study if the following inclusion criteria were met at the baseline of the study: (a) aged between 18-65 years; (b) clinical diagnosis of SD of the scalp; (c) mild-to-moderate SD based on Symptom Scale of Seborrheic Dermatitis (SSSD); (d) not receiving any topical or systemic treatment for SD during 1 month before enrollment; and (e) absence of any disorder that was associated or exacerbated SD, such as HIV and Parkinson's disease. Exclusion criteria at baseline and during the study were as follows: (a) patients with severe SD (SSSD score greater than 10); (b) pregnancy or lactation or expecting to get pregnant during the treatment; (c) poor adherence to the treatment; (d) presence of any adverse effects resulting in patients' intolerance or complications; and (e) unwilling or unable to follow the study protocol.
The severity of SD in each patient was determined based on SSSD criteria at baseline (visit 1) and 4 weeks (visit 2) after treatment. SSSD score was determined according to severity of three cardinal symptoms of SD including erythema, scaling, and itching. The symptoms of erythema and scaling are scored on a scale varying from 0-5 (0=no signs, 1=first sign, 2=mild, 3=moderate, 4=severe, and 5=very severe), and the severity of itching was evaluated by the visual analog scale (VAS) that was scored from 0 (denoting no itch) to 100 (denoting worst possible imaginable itch), and which was also categorized in six steps as follows: ≤10 mm=0, 11-20 mm=1, 21-40 mm=2, 41-60 mm=3, 61-80 mm=4, and 81-100 mm=5. The clinical severity score of SD was determined by summing up the scores and was classified as follows: Mild SI (0-6), Moderate SI (7-9), and Severe SI (10) (11) (12) (13) (14) (15) . In addition, after 4 weeks of treatment, the patient's satisfaction with the treatment was investigated according to a 4-point scale ranging from 0-3 as follows: 0=non, 1=mild, 2=moderate, and 3=good. 23 Participants data, including demographic data and SSSD scores, are available on request from the corresponding author for up to 2 years after publication.
Assessment of adverse effects
To evaluate the adverse effects of medications, all patients were asked at each visit if they had experienced one or more of the possible adverse effects, such as itching, burning, and erythema, and exacerbation of them if such symptoms were present prior to the treatment. The type and severity (mild, moderate, or severe) of the adverse effects were recorded.
Data analysis
Per protocol analysis was exploited to analyze data of all individuals who completed the study. Data were analyzed by SPSS software (version 16.0, SPSS Inc., Chicago, IL, USA). The Kolmogorov-Smirnov test was used to assess the normal distribution of continuous variables. Normallyand non-normally distributed continuous data were expressed as mean (standard deviation [Std. Dev.]) and median (interquartile range: IQ), respectively. Categorical variables were reported as percentages. Mean (Std. Dev.) and median (IQ) of continues variables were compared between two groups using independent t-test and MannWhitney U-test, respectively. The distribution of categorical variables between two groups was compared using Chi-square or Fisher exact test (if more than 20% of the categories were expected to have frequencies less than 5). Also, P-value<0.05 was considered as the significant level.
Results
As shown in the patients' flow diagram (Figure 1 ), 125 patients were screened for recruitment. Among them, 18 patients did not meet the inclusion criteria, and five patients did not agree to participate in the study. The remaining 102 patients were randomly allocated into two groups to receive either topical atorvastatin 5% lotion or betamethasone 0.1% lotion (52 and 50 patients in each group, respectively).
In the atorvastatin group, seven patients were excluded during the study period due to the patients' unwillingness to continue the new medication (three patients), experiencing intolerable adverse effects (two patients), and loss to follow-up (two patients). In the betamethasone group, nine patients were excluded during the study period, due to patients' unwillingness to continue the new medication (five patients), experiencing intolerable adverse effects (one patient), and loss to follow-up (three patients). Finally, 86 subjects, including 45 and 41 patients in the atorvastatin and betamethasone groups, respectively, completed the 4 weeks of the study. Causes of patient loss during the study period were comparable between the two groups (P=0.39). All of the following results were related to 86 patients who completed the 4 weeks of the study.
Baseline demographic and background characteristics
The patients' demographic characteristics, such as age, sex, body mass index (BMI), and duration of SD are shown in Table 1 . There were no significant differences between the atorvastatin and betamethasone groups regarding the demographic characteristics at the baseline. Sixty-four percent of the study patients were males, and the mean age of the patients in the atorvastatin and betamethasone groups was 30.37±7.24 and 28.09±7.22 years, respectively. Also, participants in both groups were comparable considering the duration of disease. Regarding the SD severity at baseline, disease severity was comparable in both treatment groups, as measured by the SSSD score (6.66±0.93 points in the atorvastatin group vs 7.12±1.26 points in the betamethasone group, with the P-value=0.064).
Efficacy results
The comparing results of improvement in clinical assessment score intra-and inter-groups after 4 weeks of treatment are shown in Tables 2 and 3 . The results showed that the score of SSSD severity as compared with baseline values significantly decreased in the two groups after 4 weeks of treatment, while the changes in SSSD from baseline to week 4 demonstrated no significant difference between the two groups (P-value=0.65). The adjusted difference in treatment effect between the atorvastatin and betamethasone groups was 0.13 SSSD score points (95% confidence interval=-0.48-0.70 SSSD-points). Therefore, according to the obtained results, the topical atorvastatin was as effective as 
Assessment of satisfaction and adverse events
Comparison of patients' frequency distribution considering satisfaction after the treatment in the atorvastatin and betamethasone groups is showed in Table 4 . As shown, the groups did not differ significantly in the degree of satisfaction with treatment (P=0.499), and results demonstrated the non-inferiority of atorvastatin as compared to betamethasone. Regarding the occurrence of adverse effects, seven (13.47%) and six (12%) patients in the atorvastatin and betamethasone groups experienced adverse events, such as itching or irritation, while none of the patients experienced severe and systemic adverse effects. Two patients in the atorvastatin group and one patient in the betamethasone group left the study due to the intolerable adverse effects, none of which was serious or caused any complication for the patients. Therefore, there were no significant differences regarding the occurrence of adverse effects between the two groups, and the topical atorvastatin was welltolerated in almost all patients.
Discussion
Based on our best knowledge, this is the first randomized, double-blind, control trial evaluating the efficacy of topical statins in the treatment of SD. The results of the current study showed that atorvastatin lotion as an adjuvant therapy had efficacy comparable to betamethasone lotion in the treatment of scalp SD and was well-tolerated.
Since SD is a common disease and requires chronic treatment, it is necessary to use an effective treatment with acceptable safety and tolerability.
1,2 The etiology and pathogenesis of SD are not completely understood, and there is much controversy in this regard. Although there are strong casual association between skin colonization with Malassezia fungus and SD, recent studies provide 19, 24 Actually, in some patients SD may result from the host's immune responses to Malassezia or to its byproducts. Malassezia was shown to react with triglycerides released from the sebaceous glands and produced metabolites that can alter the epidermal permeability barrier function leading to cycles of immune stimulation. 25, 26 Also, fungus lipid-layer causes keratinocytes to produce pro-inflammatory mediators that can elicit skin inflammation via recruitment of inflammatory cells and vasodilation. 8 In skin biopsy of patients with SD, increased local production of some inflammatory cytokines such as IL-1a, IL-10, NK11, CD161, as well as in the regulatory interleukins for both T helper 1 and T helper 2 cells were observed in SD lesions. 7 Additionally, the serum level of total IgA and IgG antibodies has increased in some SD patients. 27 Accordingly, due to mentioned pathological pathways, agents with antifungal and anti-inflammatory properties can be effective in the treatment of SD. 11 Though topical corticosteroids and antifungal agents are widely used for the treatment of SD, due to the concern regarding the adverse effects such as skin atrophy and telangiectasia in long-term use of topical corticosteroids and ineffectiveness of antifungal drugs in some cases, the identification of safe and effective alternative treatments can be valuable in these patients. 24 In clinical practice, statins are routinely used in the treatment of cardiovascular disease. Currently ample evidence from both experimental and clinical studies demonstrated anti-inflammatory properties of statins and showed that these agents are useful in treating some inflammatory and autoimmune diseases. Anti-inflammatory effects of statins are independent of lowering serum level cholesterol. It was shown that statins by diverse effects on innate and adaptive immune system can reduce inflammatory responses. 28 A main mechanism of anti-inflammatory of statins is inhibition of isoprenoid synthesis through interfering with cholesterol biosynthesis. Available evidence has demonstrated that statins through antioxidant effects on blood vessels and inhibitory effects on function of some inflammatory factors such as IL-6 and CRP can regulate innate immune response. Also, through inhibitory effects on the expression of adhesion molecules as well as blocking function of lymphocyte function-associated antigen (LFA)-1, which is crucial for lymphocyte recirculation, antigen-specific T-cell activation, and transendothelial migration of immunocytes, statins suppress activation and function of lymphocytes. 28 Due to their antiinflammatory effects, recently topical and systemic statins are employed in the treatment of a variety of skin disorders, while relevant studies reported conflicting results in this regard. While results of some studies demonstrated that treatment with oral statins in psoriasis was associated with significant improvement of Psoriasis Area and Severity Index (PASI), 29 the results of other studies
showed that not only any significant clinical improvement was seen in psoriasis patients, 30 but also the exacerbation of psoriasis skin symptoms have been reported in some cases treated by statins for hypercholesterolemia. 31 Conflicting effects of statins in treatment of psoriasis in the mentioned studies can be attributed to the diversity of the patient population, which had relatively different baseline PASI scores. It seems that clinical benefits of statins would be likely to occur in patients with more severe psoriasis. Some evidence also showed that oral statins via their immunomodulatory and antioxidant activities can be effective in treating other autoimmune skin disorders such as vitiligo and alopecia areata. 18 The utility of topical or systemic statins in the treatment acne vulgaris has also been investigated in some studies. Results of one study showed that oral simvastatin, in combination with oral contraceptive pills in patients' with poly-cystic ovary syndrome, was able to reduce serum level of testosterone and improved acne severity more effectively as compared to contraceptive pills alone. 32 Also, in agreement with the beneficial effects of statins in the treatment of acne vulgaris, the results obtained from our recent clinical trial study showed that topical and systemic simvastatin have profound alleviating effects on the acne lesions. 33 In contrast to these findings, the results of the study by Mikhael et al, probably due to small sample size and short duration of their study, showed that topical atorvastatin had similar effects to topical placebo in the treatment of papulopustular acne lesions. 34 There are some other relevant studies in which the effectiveness of topical application of statins have been investigated in some skin condition. In this regard, although topical lovastatin was well-tolerated, application of it before chemotherapy was only modestly effective in the prevention of chemotherapy-induced alopecia. 35 The potential therapeutic value of statins in controlling inflammatory symptoms of contact dermatitis also investigated in some animal studies and, according to these studies, the topical statins have inhibitory effects comparable to topical corticosteroids on the acute model of irritant contact dermatitis. 36 Conflicting results regarding effectiveness of statins in treatment of inflammatory dermatological diseases in conducted studies, in addition to differences in sample size and duration of studies, may contribute to several other factors including lipophilicity of the study agents and their concentration, particularly in topical application, as well as severity and chronicity of study skin diseases. Furthermore, it seems that combination therapy of statins may be a more effective therapeutic modality than treatment as a single agent in the treatment of skin disorders. Results of our current study also showed that topical atorvastatin as adjunct therapy was effective in improving symptoms of scalp SD. Despite the beneficial effects of statins in the treatment of skin disorders, there are some concerns implying that statins can induce or exacerbate some skin autoimmune diseases. Although long-term exposure to statins may associate to some skin adverse effects, especially in patients with pre-existing skin barrier dysfunction and genetic predispositions, the risk of occurrence of cutaneous adverse reactions to statins seems to be relatively low. 37 In addition to their inflammatory effects, recently there is preliminary in vitro evidence demonstrating statins in combination with commonly antifungal agents can exhibit potent synergistic effects against many clinically relevant yeast and mold species, including dermatophytes that are common fungal species in skin infections. 19, 38, 39 Actually, statins by inhibiting HMG-CoA Reductase and reduction in synthesis of important terpenoid derivatives, which is involved in the synthesis of ergosterol in fungi, exhibit their own fungicidal or fungistatic effects in a dose dependent-manner. 19 However, it seems that anti-inflammatory effects of statins on immune host cells also have a crucial role in their effectiveness in fungal infections. Therefore, in our study, in addition to its anti-inflammatory effects, beneficial effects of atorvastatin on symptoms of scalp SD at least in part can be linked to its antifungal properties. Nevertheless, given that statins exhibit antifungal activity at supraphysiological concentrations and there is little clinical evidence in this regard, high-quality future clinical studies are needed to confirm the antifungal effects of these agents. The limitations of our study include the small sample size and the mild-to-moderate severity of SD in the study population that can affect generalization of our results. We used atorvastatin as adjutant therapy in treatment of scalp SD, so the effects of other topical statins as well as their therapeutic effects as mono-therapy on clinical outcomes need to be addressed in future studies. Also, a formulation of topical atorvastatin that has been used in our study was a basic and raw formulation that needs to be improved in future studies. Since in this study instruction by the researcher on how to take topical atorvastatin had a positive impact on compliance to the treatment, the compliance of our study population might have overestimated the overall compliance of patients.
Conclusion
Although preliminary, according to the results of the present study, topical application of statins, drugs with antiinflammatory and antifungal properties, can have a valuable place in the treatment of inflammatory skin diseases, such as SD of the scalp, while concern about the uncommon but serious systemic adverse effects, such as myopathy and hepatotoxicity, do not matter in the chronic application of topical statins.
